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ELECTRICAL EXPERIMENTER 


By Dr. LEE de FOREST 


“March, 1919 


Invented the Audion - 


Written exclusively for the Electrical Experimenter 


HE first conception of a detector of 
Hertzian waves which should employ 

the medium of heated electrodes or 
heated gas came to me as follows: 

- In the summer of 1900 I was ex- 
perimenting on a new type of electrolytic 


Pat N® 824,638- 1906 


The First State in the Development of the 
Audion by Dr. Lee de Forest. The Aerial 
and Ground Were Connected to Two_ Elec- 
trodes Placed in the Flame of a Bunsen 
Burner, with Successful Results. 


detector, doing this work at night in my 
room in Chicago. The receiving apparatus 
was placed on a table beneath a Welsbach 


gas burner. A spark coil which I was using 


as my source of oscillations was located in a 
closet about ten feet distant. One night I 
noticed that whenever I closed the switch 
of the spark coil by means of a string run- 
ning across the floor from my table to the 
coil, there was a decided change in the il- 
lumination from the Welsbach burner. The 
light from the gas mantel increased very 
perceptibly and resumed its normal low 
brilliance as soon as the sparking ceased. 
This phenomena continued and imprest it- 
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Here the Placing of the Two Heated Elec- 

trodes in a Vacuum Bulb Is Carried Out, as 

Well as the Final Adoption of the Cold 

“Wing.’’ This Device Works Equally Well 

with Both Electrodes Hot, Thus Disproving 
Any ‘Rectification’? Theory. 








-sound in the telephone receiver. 






self strongly upon my attention. My first 
thought was that I had discovered a new 
form: of detector of Hertzian waves, of ex- 


traordinary sensitiveness, and was, natural- 
ly, much enthused, as any young investi-. 
gator would have been. under similar cir-_ 


cumstances. But upon closer investigation 
of this novel phenomena I found that when 


the door of the closet was closed, or al- 


most closed, the effect of the spark upon 
the gas burner ceased! 1 : 
clusively that I was dealing with sound 
waves coming upon a sensitive flame and 
not with electrical waves. ee 
The-delusion lasted, however, long enough 
to force upon my mind the conviction that 
heated gas molecules were sensitive to high 


frequency electrical operations, and I deter- Re 


mined to investigate further at my first op- 
portunity and actually discover evidence to 
substantiate my theory. I was unable to do 
this until the fall-of 1902 or ‘03 when I 
returned to my gas mantel experiment. I 


first attempted to investigate the new de- 


tector phenomena by using two needles of 
steel, or platinum, placed close together in 
the incandescent Welsbach mantel. These 


Far N? 873,552 - 1908 


A 


Later the “‘Third Electrode’ Resolved Itself 
Into a Grid, Which Was Placed Between the 
Wing and Filament, Where It Could Act 
with the Highest Efficiency. In This Form 


it Has remained Practically the Same to the 


Present Time. 


two needles were connected to a dry _bat- 


tery and telephone receiver. I was, how- 
ever, unable to obtain any appreciable cur- 


rent between the two electrodes in the © 


mantel. I then investigated the flame of a 
Bunsen burner and soon found a point in 
the outside envelope of the flame where an 
appreciable current did pass between the 
two electrodes, making a soft fluttering 

~ (See Fig. 
1, Patent No. 824,638, issued in 1906. ) Then, 
connecting one electrode to an antenna and 
the other to the earth, I heard for the first 
time signals in the telephone receiver ; sig- 
nals which represented clearly the sound of 
the transmitting spark. Here at last was 
actually demonstrated my earnest belief in 
the existence of this new detector principle. 
My next step was to enrich the gas flame 
by putting a lump of potassium or sodium 
salt in the flame directly below the two 
platinum electrodes. This increased ioniza- 


tion caused increased flow of battery cur- 


rent, and a corresponding increase in sen- 
sitiveness of the new detector. I did con- 
siderable work then with various types of 
Bunsen burner arrangements for perma- 
nently enriching the gas flame, etc., and set 
up a laboratory type of flame detector which 


was actually used in 1903 for receiving sig- 


nals from ships down the Harbor of New 
York. 

The inconvenience of supplying a source 
of gas for the new detector was, of course, 





This proved con- 





obvious, and I sought for other means of 
obtaining the necessary heated gas and 
heated electrodes. The electric arc first 


| Pat. N? 841,387- 1907 


Here We Find the “Third Electrode’ Placed 
Inside the Bulb, Where It Logically Be- 
longed, as Dr. de Forest Points Out. Fig. 4 
Shows the First Use of the ““Stopping’”’ 
Condenser. 


suggested itself. I anticipated that while 
this arc would be a detector, it would be 
exceedingly irregular and:noisy in the tele- 
phone receiver. This was found to be the 
fact. The battery fed the arc thru the 
primary of the transformer, in the second- 
ary of which was connected the telephone | 
receiver, and, altho at times the looked for 
response to electric waves was thus ob- 
tained, the noise in the telephone receiver 
from the arc was so deafening that the idea 
was abandoned. | 
The next plan which suggested itself to 
me was to use incandescent filaments in an 
enclosed chamber. This arrangement as 


well as the gas detector, was illustrated in 

my patent No. 979,275, which bears the first 

date of November 4, 1904. This patent ap- 
(Continued on page 817) 


Pot. N? 841,386-1907 i 
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The First ‘‘Three Electrode’? Audion Had a 
Piece of Tinfoil Wrapt Around the Outside 
of the Bulb—a Principle Frequently ‘*Redis- 
covered,” as Was the de Forest Electro- 
magnetic or Coil Electrode, Fig. 4 
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Gigantic 1,400 K.W. Radio Station at Lyons, 


France 
(Continued from page 791) 


work, it having been found readily possible 
co synchronize two such high-speed radio- 
frequency alternators at the works of the 
General Electric Company, some years ago. 

North of the main antenna switch plat- 
form at the center of the station, there is a 
French design of static frequency multiply- 
ing system rated at 150 K.W. This set op- 
erates on the principle of the transformer 
frequency-changing principle, as developed 
by Joly and Arco. 

Next we come to the western wing of 
the station, and here there are two of the 
largest arc oscillation generators ever built. 
They were designed by Mr. C. F. Elwell, 
formerly chief engineer of the Federal 
Telegraph Company of San Francisco, Cal., 
who first developed the Poulsen arc sys- 
tem to large powers, and each of these gi- 
gantic arcs are rated at 250 K.W. Either 
of these are generators may be connected 
to the antenna thru the central antenna 
switch-gear, the lead wire running to the 
arc sets terminating in a massive single- 
pole, double-throw change-over switch, 
about five feet in length, which permits the 
instant connection of either set to the 
antenna. 

Either of these powerful arc sets can be 
operated from the 300-K.W., 750-volt, . di- 
rect-current motor-generator set, shown in 
the plan view and situated just west of the 
arc apparatus itself. This motor-generator 
comprises a three-phase alternating-current 
motor, direct-connected to a 750-volt, direct- 
eurrent, 300-K.W. generator, which sup- 
plies the necessary high voltage direct cur- 
rent for operating the arcs. Dr. de Forest 
states that in his opinion, these large arc 
generators represent one of the very finest 
developments in radio transmitters that 
have yet been conceived and perfected. 
They have a distinct advantage over radio 
frequency alternators in that quick changes 
in wave length or frequency can be rapidly 
obtained, merely by changing the inductance 
and capacity in the oscillatory circuits con- 
nected to the-arc itself. 
quency alternator is very reliable, and de- 
velops its full power in a very constant and 
reliable manner, but it is difficult, at least 
with the present design of this machine, to 
obtain with speed and efficiency a consider- 
able change in the range of wave lengths 
and frequency, yet as Dr. de Forest has in- 
.timated, they are very efficient and desirable 
where the proper operating conditions are 
available, such as where but one or two 
wave lengths only are desired. The arc 
generator, on the other hand, is very sim- 
ple and rugged in design, and requires but 
very little attention, even when operated 
over twenty-four-hour non-stop periods, 
which is often the case nowadays at many 
of the Government stations which are using 
arc sets, and many of which are in very 
successful operation in some of the largest 
stations of the United States as well as in 
Europe at the present time. 

All of the transmitters at the Lyons sta- 
tion operate on long wave lengths, as the 
reader will perceive from the antenna fre- 
quency values given above, and the un- 
damped wave system is used in all except 
the spark sets. The receiving apparatus is 
very elaborate, and has been installed in 
sound-proof receiving rooms, so as to real- 
ize the very highest efficiency in the receipt 
of long distance signals. The French radio 
engineers are using nothing but three elec- 
trode audions in all of their work, and one 
of their bulbs will be illustrated and de- 
scribed in the April issue. The French re- 
ceiving sets make use of two or more ampli- 
fier bulbs, and when necessary a six-stage 
amplifier is used, which boosts the strength 
of signal received 1,000,000 times. Some of 
the clever work accomplished by the French 


The radio. fre- 


Army and Navy radio experts during the 
war, with these powerful audion amplifiers 
can readily be imagined, and it is a matter 
of record that many valuable radio as well 
as regular telephonic and telegraphic wire 
messages of the Germans were tapt by 
French stations equipt with these powerful 
amplifiers. 

The power for the Lyons radio station is 
transmitted for a long distance from a 
hydro-electric plant. The receiving ap- 
paratus was built by the Compagnie Gen- 
erale Radiotelegraphique, whose shops are 
near Paris. The detector is, of course, the 
French type of audion. They employ a 
six-step audion amplifier, using the same 


standard type of bulb both for detecting 


and amplifying. 

The ground connection of the station 
consists of a large number of copper wires 
radiating from the station and buried about 
two meters (6% feet) below the surface 
of the earth. Many of these wires terminate 
in copper plates. 


HOW I INVENTED THE AUDION. 
(Continued from page 790) 
plication was not filed until the following 
February. The drawings, Figs. 2 and 6, of 
this patent show the incandescent or glow 
members both in the air, and sealed within 

a closed chamber. 

It will be noted now that I approached 
the general problem of this new type of de- 
tector from an entirely different angle from 
that commonly supposed to-day. In the 
first place I always employed a battery, and 
this original battery was what is now uni- 
versally called the “B battery.” My source 
of electric current for heating purposes was 
second, and secondary, so that the vocifer- 
ous contention of the advocates of the 
Fleming valve that the audion evolved from 
the Fleming valve, and was originally the 
Fleming valve with the “B battery” added 
as an afterthought, is entirely untrue. 

It was now a very obvious development of 
the evolution thus far described, to par- 
tially exhaust the glass envelope containing 
the two incandescent electrodes, or fila- 
ments, so as to increase the conductivity of 
the space between them. 

But Fig. 5 of this patent, showing the 
inclosed filament in a vacuum bulb, is inter- 
esting from another consideration because 
it contains the first embryonic germ of the 
later “grid” or third electrode. It was real- 
ized from the very first that a certain pro- 
portion of the high frequency energy from 
the antenna could be lost thru the bypath 
circuit supplied by the battery and tele- 
phone receiver. In order: to prevent this 
the arrangement shown in Fig. 5 was tried 
out, wherein the local and high frequency 
circuits are kept separate. In this arrange- 
ment, as actually tried in the gas flame, no 
actual advantage was observed, because the 
high frequency electrodes were necessarily 
some slight distance from the path con- 
ducting the direct current, and hence the 
effect of the high frequency currents upon 
the ions carrying the local current was 
weakened. 

During the years of 1904 and 705 my 
duties kept me almost continually away 
‘rom my laboratory, in travelling about the 
country directing the installation of numer- 
ous radio stations; consequently there was 
little opportunity for prosecuting this de- 
velopment work, and carrying out the de- 
signs and sketches which I made from time 
to time. In fact, it was not until 1905 that 
a lamp manufacturer was found to under- 
take the construction of the various experi- 
mental forms of lamps which I had de- 
signed as a successor to the flame or arc 
detector. I was familiar in 1905 with Prof. 


_Fleming’s work on the subject of the “Edi- 
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books on the telephone in 
your own home or shop a whole 
week free. 
We will send you all four volumes 
bound in genuine red morocco 
leather, 1728 pages and 2000 pic- 
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Cyclopedia of 


TELEPRONY 
TELEGRAPAY 


Everything about the telephone is . 
explained in them in simple and plain 
language—theory — practice— operation 
—from the first experimental line to the 
modern equipment and _ complicated 
switchboards. Not one detail has been 
overlooked. Every vital fact that: you 
need to make you an expert is in them. 


Free Consulting Service 

f you wish to keep the books on our 
easy terms of $2.00 a month, we will include 
FREE a year’s Consulting Membership in the 
American Technical Society, and you can 
have the services of our engineers and ex- 
perts for one year as often as you wish to 
write in—ask for their help on any subject 
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Send the Coupon Now 


Don’t send any money. Just mail the 
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come to you at once by express collect. Keep 
them a whole week and use them as if they 
were your own. Send them back to us if you 
want to, but give them a trial anyway, and if 
you keep them send us only $2.00. You can 
send the balance of the special $12.80 price 
the same way—$2.09 each month. 

Give yourself a chance to make some 
real money—right now. Send the coupon be- 
fore you turn this page. : 


American Technical Society 
Dept. T-3383 Chicago, U. S. A. 
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American Technical Society, Dept. T-3383, Chicago 


Please send me a set of Telephony and_Teleg- 
raphy in 4 volumes, express collect. I will send 
you $2.00 in 7 days and $2.00 each month until I 
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Practice Set 
For Learning Telegraph Codes 








The Practice Set comprises a regular tele- 
graph key, without circuit breaker, a special 
high pitch buzzer, one cell Red Seal Dry 
Battery, and four feet of green silk covered 
flexible cord. 

The key and buzzer are mounted on a 
highly finished wood base, and three nickel 
plated binding posts are so connected that the 
set may be used for five different purposes. 
List No. Price 
342 Telegraph Practice Set, with Bat- 

tery and Cord......sscccecceees -$o24 
Weighs 4 Ibs. packed. 
Price does not include. postage. 


MESCO Sree totess'iiat tz 
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This outfit is the only reliable instrument which 
will enable students to become proficient operators 


in the U. S. Naval Service, because it is equipped 
with a buzzer and miniature lamp enabling the 
user to master both the visual and audible signals 


quickly. 
List No. 52—Practice Set with Red Seal Bat- 
MOV: NO COPE. 5c: <a sg ook orn os ween wees $4.05. 


0 
Weighs 4 Ibs. packed. 
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bi Telegraph Instruments, Ignition Supplies, 
etc. 


Send for the Catalog Now 


Manhattan Electrical 
Supply Co., Inc. 


NEW YORK: CHICAGO: ST. LOUIS: 
17 Park Place 114 S. Wells St. 1106 Pine St. 
San Francisco Office: 604 Mission St. 
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- 824.637 shows the next obvious step in the 





-ELECTRICAL EXPERIMENTER 


son Effect” as utilized for the rectification 
of high frequency oscillations, or currents. 
This was interesting to me only as an evi- 
dence of growing activity along lines sim- 
ilar to those of my new detector. I was 
familiar, of course, with the phenomena 
originally discovered by Edison, and investi- 
gated and developed by Howell, Fleming, 
Wehnelt, et al; but from the very first of 
my work with radio detectors I always had 
in mind a relay, in the true sense of the 
word, not a rectifier; in other words, a de- 
tector in which the energy of the audible 
signal was supplied from a local battery. 
This local energy being merely controlled 
or released by the incoming signal. It had 
always been obvious to me that such a de- 
vice should be more efficient than any form 
of rectifier where the signal indication is 
effected only by the energy actually received 
thru the antenra. 


Fig. 1, Patent No. 824,637, is an obviously 
practical development of Fig. 5 of my first 
patent, No. 979,275. In this figure two in- 
candescent filaments are sealed in the glass 
bulb, and each lighted from its own “A” 
battery. Here, as always, the original sep- 
arate “B” battery is shown. 


This figure is interesting to many, who 
until recently, if even now, have never 
heard that an audion of this type works 
equally well whether both electrodes are in- 
candescent, or whether one is incandescent 
and the other cold. It might be well to 
point out now in this connection that during 
the patent trial—the Fleming valve vs. the 
Audion—a demonstration was made before 
the court where all three electrodes were in 
the form of filaments, where each could be 
heated to incandescence by a separate bat- 
tery. The demonstration showed that when 
this device was connected up as an audion 
that either outside filament could be used 
as the “plate” electrode indifferently, and 
the signals were of the same _ intensity 
whether two electrodes were cold or all 
three hot. The purpose of this test was to 
demonstrate beyond all cavil the falseness 
of the assumption that rectification plays in 
any way an important or essential part in 
the operation of the three electrode audion. 

Fig. 3 of the above mentioned patent No. 


evolution of the audion ie. doing away 
with the unnecessary battery for heating 
one of the electrodes. It was obvious, of 
course, that so long as the “B” battery was 
properly connected so that its positive pole 
led to the cold electrode, there was no ne- 
cessity or advantage in heating this second 
electrode. The audion in this form—one 
hot and one cold electrode, and the “B” bat- 
tery connected with this positive terminal 
to the cold electrode, was used for some 
months, and shows a sensiti\ -ness as a de- 
tector, superior to that of the electrolytic 
detector, and far superior to that of the 
Fleming valve rectifier. We had, thanks to 
the “B” battery which was invariably em- 
ployed, a genuine relay or trigger action of 
the high frequency oscillations upon the 
normal current-carrying ions, or electrons, 
passing between the two electrodes. 


As everyone familiar with incandescent 
lamp or X-ray bulb phenomena knows, the 
proportions of current passing between two 
electrodes therein (one or both being hot) 
carried by ions or carried by thermions, 
depends chiefly upon the degree of exhaus- 
tion of the bulb. The gradual preponder- 
ance of thermionic conduction over ionic 
conduction has been gradually increasing 
as the art has progrest with improvements 
in pumps, knowledge of the fine points of 
exhaustion, etc. Thus it has always been 
impossible to lay a finger upon a certain 
date or upon any audion type of device, 
and say, “This marks the distinction be- 
“tween an ionic, or gaseous detector, and a 
thermionic detector.” It is in fact impos- 
sible to prove even to-day when audions or 
oscillions are exhausted to the highest de- 
gree that the conductivity is entirely elec- 
tronic. 
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I beg to advise my friends and customers 
that I am back in the Wireless Game at 
the old address, where I hope to be fav- 
ored with a visit and your much valued 
patronage, 


J. F. ARNOLD 
327 East 119th St., 


Este blished 1910 
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902 Pa. Ave. N. W., Washington, D. C. 
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In the spring and summer of 1906 I had 
opportunity to spend a good deal of time 
on the audion problem, and was always 
seeking to improve its efficiency. Keeping 
in mind then the disadvantage of directly 
connecting the high frequency circuit with 
the local circuits, and harking back to the 
four electrode gas-flame detector above 
mentioned, I sought to keep one electrode 
of the high frequency circuit distinct from 
the two electrodes of the local current. 
Obviously the most simple experiment was 
to wrap a piece of tinfoil around the out- 
side of the glass bulb and connect this to 
one end of the secondary transformer of 
my receiver. The other end of the trans- 
former was connected to the filament, it 
being obviously unnecessary to employ four 
electrodes to effect the end desired. Exact- 
ly this arrangement, with the third electrode 
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Anticipate the demand that 
will set in as soon as the Gov- 
ernment lifts its ban on ama- 
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Brandes “Superior” Head Set, com- 


around the outside of the bulb, is shown 1 ith head band, $6. A fonstans 

in Fig. 3 of patent No. 841,386, which was | [| sl'ect within the means of every ama- WIRELESS HEAD SED 
filed in August, 1906. It will probably be teur. 2000 ohms. | TODAY. 

recalled that this outside electrode has been | 

very recently “re-discovered” with consider- Be ready for better wireless results than you ever had before. 


able eclat and acclaim! I also at this time 


wrapt a coil of wire around the bulb, con- The matched tone of the two Brandes diaphrams make this 


necting one end of this to the antenna and possible. 

the other to the ground, seeking thus to ; ax 

Aiea he taaic couduestaits ne Se tie Every Brandes head set is sold under a positive money-back 
inner electrodes by electro-magnetic influ- guarantee that it is superior to any other receiver at its price 
ence from the high frequency oscillations in clearness, sensitiveness, and range. 

passing around this helix. See Fig. 4, pat- 

ent No. 841,386. 7 Order a Brandes Head Set today—or send 4c for Booklet E 


The arrangement of the external tinfoil 
belt may therefore be called the parent of 
the third electrode. It showed e aie ae | : 
improvement in the sensitiveness of the de- 
tector, as I had anticipated. I recognized Cc BRANDES, Inc. 


that by this arrangement I had in effect a 


with complete description of Brandes receivers. 


condenser between the filament connection = C | . * 

and_a hypothetical third electrode, which Wireless Receiver Specialists 
consisted of the conducting layer of gas lo- | | . 
cated on the interior walls of the bulb, Room 814 32 Union Square New York City 


the other arm of this condenser being the eee... OE: 
tinfoil belt outside the glass. I recognized Complete line of Brandes receivers for those in Western States and Pacific 
also that this was a very inefficient and in- Coast. Catalogue E on request. _ 

direct way of impressing the effect of the Balboa Building FORD KING ~ SAN FRANCISCO, CAL, 
high frequency oscillations upon the con- . 

ducting medium between the filament and 
plate. The third electrode should therefore 
be placed inside the bulb. I immediately in- | | 
structed McCandless & Company to make e 

such a bulb. The first type of this third | | y 
ein a platelecated adi1o ma t eurs 
on the opposite side of the filament from : e 
the “B” battery plate. This arrangement 
showed the increased efficiency and sensi- 3 | 
tiveness anticipated. It is shown in Figs. 2 Buy parts and make your own sets. Large stock 
and 4 of patent No. 841,387, filed October, ; : 
1906. This is the audion amplifier and tele: of radio materials left on our hands because of 
phone relay patent. Fig..2 of this patent 

is interesting as showing also for the first canceled Government contracts! 
time a third battery (“B”) in the external 
circuit. between the third electrode and the 


filament. T in this figure represents the’ : : : = ° 
ee eee An opportunity for buying high grade materials 


In Fig. 4, where this battery is omitted, ‘ iC 
is shown for the first time the grid stopping at bargain oe vesee 
condenser C. In studying this type of three 


electrode bulb, I recognized that the third : 
ee ee ee Guaranteed Galena Crystals, everything for 


poch af the lone OF Meio: coils, switches, knobs, resistances - insulating 
materials, condenser plates and parts, Litzen- 


passing from filament to plate, where the 
high frequency electric charges imprest on | 

draht and magnet wires, contact points, head 
bands. 





the electrode could best affect this stream. 
But if placed directly between two elec- 
trodes, a solid plate, of course, would con- 
stitute practically a complete barrier. Hence 
I devised the grid or perforated screen 
structure. In fact, the first audion where 
the third electrode was placed between the 
filament and plate utilized the wire bent in 
grid form which is familiar to every ama- 
teur or user of the audion prior to 1914. 
This type of -third electrode so located 
was so marked an improvement over the 
preceding three-electrode bulb, that shortly 


wemnivctaemist'ore | DE FOREST RADIO TEL. & TEL. CO. 


This was issued in February, 1908, No. 879,- | } 1391 SEDGWICK AVENUE | NEW YORK CITY 
532. See Fig. 1 where the complete receiv- . 

ing arrangement and the grid audion is 
clearly shown. 


Also Manufacturers of Complete Receivers, Condensers, 
Variometers, Inductances, Oscillion Transmitters. 
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sensitiveness and un- 
failing dependability. 
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prices, they are the best 
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world. | 
Buy now for present 
and future needs. 
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Schools, and Col- 
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general supervision of E, E. Bucher, 
Instructing Engineer, Marconi Wireless 
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most difficult work, requiring very sensitive, 
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THE SELENIUM LABORATORIES, 
| New York Offices, 56 West 45th St. 
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C. E. MILLER, 164 Riverside 


25c Coin. Drive, Northampton, Mass. 
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The audion remained in this form for 
six years. During that time its merits be- 
came gradually recognized in Europe as 
well as here, and it was not long before the 
little stranger was, like its predecessor, the 
two electrode brother with “B” battery, 
adopted into the Marconi family, and like 
its predecessor re-christened the “Fleming 
Valve.” As soon as the audion amplifier 
had been developed for long distance tele- 
phone service by the engineers of the West- 
ern Electric Company, and installed on 
most of the long distance lines of the A. T. 
& T. Co., we find certain English publica- 
tions adopting it also into the Fleming valve 
family; and now after the three-electrode 
device has demonstrated its utility as a 
radio transmitter of absolutely constant un- 
damped waves and made possible trans- 
oceanic telephony, we learn that this big 
brother which I first named the Oscillion, 
is also the Fleming valve. Not even “junior” 
or “senior” is used to distinguish one from 
the other in this rapidly growing Fleming 
valve family. | 


The art founded on the three-electrode 
audion has grown of late years with enor- 
mous strides. The great war has produced 
a tremendous intensity of development for 
various military purposes and it cannot be 
disputed that the engineers of the Western 
Electric Company have taken a foremost 
position, and much of the present-day eff- 
ciency of the detector and amplifier has 
been due to their efforts, spurred on as they 
were by the difficult demands and specifica- 
tions of our Signal Corps officers and en- 
gineers. It is estimated that there has been 
constructed for the U. S. Signal Corps dur- 
ing the war between 200,000 and 300,000 
audion and amplifier bulbs, and at least 50,- 
000 small oscillators. In Great Britain war- 
time production has probably equaled or 
exceeded the above; while in France we are 
informed that during the last two years of 
the war, the audion production has aver- 
aged about 5,000 per day! The French bulb 
is particularly interesting as being efficient 
and suitable in all three uses, detector, am- 
plifier and oscillator. For such purposes, of 
course, a compromise in efficiency was in- 
evitable, and maximum efficiency in either 
of these three branches has been somewhat 
sacrificed. 


Considerable discussion has lately arisen 
as to the first use of the audion as an 
oscillator or source of alternating current. 
This matter is now being thrashed out in a 
multiple interference procedure in the U. S. 
Patent Office. But the evidence so far in- 
dicates that the writer’s application of this 
property of the audion in the spring of 
1912, marked the first use of the audion as 
a generator of undamped electrical currents. 
In view of recent developments, particularly 
the highly interesting announcements of 
President Vail of the A. T. & T. Co., re- 
garding multiplex wire telephony and teleg- 
raphy over a single conductor pair, it may 
be prophesied that the application of the 
audion as a generator of alternating cur- 
rents will be fully as useful as that of de- 
tector and amplifier. 

There is, in the writer’s opinion, no doubt 
but that if the development of radio is not 
now made a Government monopoly, it will 
not be long before commercial trans-oceanic 
wireless telephony will be effected. This 
work, whether the generator be a bank of 
oscillions or a high frequency alternator, 
will be made possible only thru the extraor- 
dinary amplifying properties of the audion, 
when tised as telephone repeater or relay. 

The simplicity of the oscillion transmitter 
in small sizes, coupled with the extraor- 
dinary sensitiveness of the “zero beat” 
audion detector or amplifier of received 
high frequency energy, warrants the belief 
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The Electric Safety razor makes shaving a 
pleasure, Blade vibrating 7,200 times a minute 
cuts the beard smoothly and without slightest 
pull or irritation—feels like a gentle massage. 
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mented tissue, which reflects the light out- 
ward. An opaque tissue situated just be- 
hind the reflector prevents the light from 
entering the body. 

'-Lenses, which are often present, tend to 
concentrate and throw the light forward. 
These lenses consist of a transparent car- 
tilage covered with a transparent skin. In 
addition some fish even have shutters with 
which they can turn off their light at will. 

Many deep sea fish have in addition to 
their principal organ of light many minor 
ones, which give the surrounding waters an 
iridescent glow. As the fish swim along 
these many varicolored scintillating lights 
give off a phosphorescent effect. These 
flickering will-o’-the-wisps of the deep are 
chased by openmouthed terrors that follow 
a searchlight at the tip of their own nose. 

The lights with all their many shades of 
color, patterns, and places of attachment are 
primarily used for the identification of the 
species and the sexes. They are of sec- 
ondary importance in the aid they give for 
the search of food, in which case they are 
undoubtedly used to attract, dazzle, and en- 
trap its prey. Oh! yes. They are some 
little Vampires all by themselves. 

But in order to see the phosphorescent 
glimmer of a fish at a distance, the eyes 
have been peculiarity modified. The great- 
est possible number of rays of light given 
off by a point are absorbed by the eye, and 
this is effected by either enlarging the eye 
as a whole or by enlarging only the lens and 
removing the retina to a distance. In this 
way the eyes have become cylindrical. 

It is not the deep sea fish alone that pos- 
sess organs of light. Some varieties of 
fish inhabiting the well lighted part of the 
ocean have them as well. These, which are 
commonly called “lantern fish,” emit, at 
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» 
rhythmic intervals, a greenish-white light. Mechanical 


A’ shutter, which is an opaque membrane 


similar to that found on a camera, is pushed. 


or pulled over the light organ. This effec- 
tually conceals the rays. Two small vari- 
eties comprising the Anomalopidae inhabit 
the Malay archipelago at the Sunda islands, 
while a third variety has recently been dis- 
covered near Jamaica. 

Our front cover shows three very inter- 
esting species of deep sea fish. The fish il- 
lustrated at the top is Gigantura chuni, A 
Br. The fish in the center with the peculiar 
elongated nose-piece is Gigantactis vanhoef- 
feni, A. Br. While the bottom fish is 
Stylophthalmus pardoxus, A. Br. 

These are not very large fish, as one 
might think, and the illustrations on our 
front cover are about half size. In other 
words, the fish are only about twice as large 
as shown on our cover. The fish illustrated 
at the top is also slightly luminous around 
its body, as can be seen. One of the most 
curious of these fish without doubt is the 
middle fish. Why Nature should have 
equipt it with such a long nose-piece, the 
end of which is luminous, is not. well under- 
stood as yet, as we know very little about 
these fish. The interesting part about the 
lower fish is that it has luminous organs 
all along its sides, while the eyes themselves 
are but slightly luminous. It is curious that 
the eyes themselvés are not in sockets as is 
usually found the case with nearly all other 
animals, but that they extend several inches 
from the head. 

[Editors Note: The curious deep sea fish 
shown on our front cover were prepared 
from color drawings made by Dr. Bade 
himself. He in turn worked from the ac- 


tual fish brought from the deep when mak-— 


ing his drawings. | 





HOW I INVENTED THE AUDION. 
(Continued from page 820) 


that before long the wireless telephone will 
be installed on thousands of vessels, sup- 
plementing, and in many cases, supplanting 
the wireless telegraph. In addition there 
is an enormous number of small vessels 
where a wireless telephone installation is 
more feasible. 


As indicative of the growth of the 
Audion Art, the number of patents issued 
on various devices and circuits dependent 
thereon, gives a pretty fair key: Up to 1912 
there had been issued about 20 patents, all 
filed subsequent to 1904. To-day there are 
over 100 United States patents on the 
Audion Art, and the number is very rapid- 
ly growing. Regardless of what name may 
be applied to the device patented, practically 
everyone of these patents since 1906 shows 
the three electrode bulb. They may all 
therefore be properly described as the out- 
growth of the ideas first shown in the 
audion amplifier—patent No. 841,387. 


Pot-N? 979,275 - 1910 





Altho This Patent Bears the Date of 1910, It Was Originally Filed in 
1904, and Is One of the Basic Patents in All Audion Development. It 
Shows the First Use of Incandescent Filaments in an Enclosed Cham- 
ber, and, Moreover, It Includes at Fig. 5 the First Evidence of the 


Third Electrode or ‘‘Grid’’ Conception. 
the First Plan for Separating 
. Circuit. 





. Here, as Will Be Evident, Is 
the Antenna Circuit from the Local 


EXPERIMENTAL CHEMISTRY. 
(Continued from page 794) 
euprous oxid, or gold; Yellowish-green, by 
uranium oxid; Green, by chromic or cupric 
oxids; Milk or Opal glass is made by the 
addition of bone-ash, tin or zine oxids. 
The green color of the common window 
glass or bottle glass is caused by the pres- 
ence of ferrous oxid in the sand ;*this dis- 
coloration may be removed by addition of 
manganese dioxid in the make-up. This 
serves to oxidize the ferrous to ferric oxid, 


which imparts a yellow tint, being neutral- 


ized by the violet produced by the man- 
ganese as a complimentary color. 

Pure white sand is mixed with the me- 
tallic oxids required, in the proportion 
which experience has shown gives the best 
results, and some old glass, called “cullet’, 
is added to improve the quality. The 
mixture is then put into pots as shown in 
Fig. 159. These pots are made of the most 
refractory fire-clay, and are placed in a 
circular furnace with openings thru which 
the workman can dip his long iron blow- 

. 1 pipe into the 
pots. Fig. 160 
shows such a 
Eurnace “ii 
cross-section. 

The fuel now 
used is mostly 
gaseous, and an 
intense heat is 
maintained for 
hours, till the 
substances are 
completely 
fused and 
mixed. The 
glassworker 
dips his blow- 
pipe—a hollow 
iron rod 5 or 6 
feet long, into 
the fused mass, 
removes ‘a 
small portion, 
rolls it on a 
smooth j 
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alert and closely following the development of the 
industrial arts in all its branches. Each formula or 
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detailed instructions for its. manipulation, thereby 
doing away with any guesswork on the. part of the in- 
experienced person. We also can advise you, if de- 
sired, - where the ingredients which enter into any 
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The formulae listed below willserve briefly to show the field we 
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